We determine central charges, critical exponents and appropriate gradient flow relations for nonsupersymmetric vector-like and chiral Gauge-Yukawa theories that are fundamental according to Wilson and that feature calculable UV or IR interacting fixed points. We further uncover relations and identities among the various local and global conformal data. This information is used to provide the first extensive characterisation of general classes of free and safe quantum field theories of either chiral or vector-like nature via their conformal data. Using large N f techniques we also provide examples in which the safe fixed point is nonperturbative but for which conformal perturbation theory can be used to determine the global variation of the a central charge.
I. INTRODUCTION
The Standard Model is embodied by a gauge-Yukawa theory and constitutes one of the most successful theories of nature. It is therefore essential to deepen our understanding of these theories.
An important class of gauge-Yukawa theories is the one that, according to Wilson [1, 2] , can be defined fundamental. This means that the theories belonging to this class are valid at arbitrary short and long distances. In practice this is ensured by requiring that a conformal field theory controls the short distance behaviour. Asymptotically free theories are a time-honoured example [3, 4] in which the ultraviolet is controlled by a not interacting conformal field theory. Another possibility is that an interacting ultraviolet fixed point emerges, these theories are known as asymptotically safe. The first proof of existence of asymptotically safe gauge-Yukawa theories in four dimensions appeared in [5] . The original model has since enjoyed various extensions by inclusion of semi-simple gauge groups [6] and supersymmetry [7, 8] . These type of theories constitute now an important alternative to asymptotic freedom. One can now imagine new extensions of the Standard Model [9] [10] [11] [12] [13] [14] and novel ways to achieve radiative symmetry breaking [9, 10] . In fact even QCD and QCD-like theories at large number of flavours can be argued to become safe [15, 16] leading to a novel testable safe revolution of the original QCD conformal window [17, 18] .
The purpose of this paper is, at first, to determine the conformal data for generic gauge-Yukawa theories within perturbation theory. We shall use the acquired information to relate various interesting quantities characterising the given conformal field theory. We will then specialise our findings to determine the conformal data of several fundamental gauge-Yukawa theories at IR and UV interacting fixed points.
The work is organised as follows: In Section II we setup the notation, introduce the most general gauge-Yukawa theory and briefly summarise the needed building blocks to then in Sections III and IV determine the explicit expressions in perturbation theory respectively for the local and global conformal data. We then specialise the results to the case of a gauge theory with a single Yukawa coupling in Section V because several models are of this type and because it helps to elucidate some of the salient points of our results. The relevant templates of asymptotically free and safe field theories are investigated in Section VI. We offer our conclusions in Section VII. In the appendix we provide further technical details and setup notation for the perturbative version of the a-theorem and conformal perturbation theory.
II. GAUGE-YUKAWA THEORIES
The classes of theories we are interested in can be described by the following Lagrangian template:
where we dropped the gauge indices for F µν,a , the Weyl fermions Ψ i the real scalar φ A and the Yukawa and scalar coupling matrices. Differently from the notation in [19] [20], we make explicit the "flavour" indices, as we have in mind application to models containing fields in different gauge group representation. The index a runs over the distinct gauge interactions constituting the semi-simple gauge group G = ⊗ a G a . The fermions and the scalar transform according to given representations R a
and R a φ A of the underlying simple gauge groups. The Yukawa and scalar coupling structures are such to respect gauge invariance.
In certain cases it is convenient to separate the gauge-flavour structure of the Yukawa coupling from the coupling itself:
where T IA i j is a coupling-free matrix and the indices I, j run on all remaining indices. If flavour symmetries are present, the T matrix will be such to preserve the symmetries. In this notation the individual beta functions to the two-loop order for the gauge coupling and one-loop for the Yukawas read
where repeated indices (except a in (3)) are summed over. The above beta functions are general with the coefficients depending on the specific underlying gauge-Yukawa theory. Furthermore,
is totally symmetric in the last three (lower) indices as well as (b y ) a IJ in the Yukawa ones. To this order the scalar couplings do not run yet [21] . Therefore to the present order, that we will refer as the 2-1-0, the d = 4 Zamolodchikov two-index symmetric metric χ (c.f.(A4)) over the couplings is fully diagonal and reads
where χ gg , χ y I y I and the A a quantities are coupling-independent constants. Following Ref [22] in order to prove that the χ y I y J part of the metric is diagonal we consider the corresponding operators
, and O J = Ψ 3 Ψ 4 φ B + (h.c) and build the lowest order two-point function
which vanishes unless O I = O J (I.e. when all the indices coincide). Off-diagonal terms will appear at higher orders. Technically the O I O J leading perturbative contribution is a two-loop diagram justifying in (5) the inclusion of the two-loop gauge A-term. Explicitly, in our notation
The factor of 1 (4π) 4 in χ y I y I agrees with its two-loop nature. The Weyl consistency conditions, shown to be relevant also for Standard Model computations in [20] and further tested and discussed in [19, [23] [24] [25] [26] [27] , are briefly reviewed in Appendix A (c.f.
(A7) and (A8) in particular) for the present system and yield the following scheme-independent relations among the gauge and Yukawa coefficients in the beta functions:
aI J χ y I y I (c 1 )
These relations can be used to check or predict the 2-loop contribution to the gauge beta functions coming from the Yukawa interactions once the metric (7) is known.
III. LOCAL QUANTITIES AT FIXED POINTS
Assume that the theory described in 1 admits an interacting fixed point. This phase of the theory is described by a CFT characterized by a well defined set of quantities. We loosely refer to this set as the conformal data of the CFT and it includes the critical exponents as well as the quantities a, c, a/c. We refer the reader to Appendix A for definitions of central charges a and c. Intuitively such quantities usually serve as a measure of degrees of freedom in the given CFT. In the present work, these are calculated using perturbation theory, so we rely on the assumption that the fixed point is not strongly coupled. This is usually under control in the Veneziano limit N c , N f → ∞ such that the ratio
is finite. Moreover, such ratio needs to be close to the critical value for which the theory loses asymptotic freedom (which depends on the particular content of the theory).
I.e we have b 0 ∝ for some being a small positive parameter. This expansion is useful to determine the local quantities at the fixed point, and reorganize the perturbation theory series in the couplings.
A.ã-function at two loops
When Weyl consistency conditions are satisfied we can integrate the gradient flow equation (A4) to determine the lowest two orders ofã =ã (0) +ã
(4π) 4 + . . . the result is
At fixed points (g * , y *
I
) this quantity becomes scheme-independent and physical and reduces to the so called a-function (see (A3)) . This quantity partially characterizes the associated conformal field theory. The interacting fixed point requires
stemming from β a g (g * a , y * I ) = β I y (g * a , y * I ) = 0 with the explicit expressions given in (3), (4) . We then have the general expression
The Yukawa couplings don't appear explicitly in the above expression to this order. In the Veneziano limit the lowest order of a behaves as a (1) ∼ 2 since b a 0 ∼ g * 2 ∼ . The a quantity has to satisfy the bound a > 0 for any CFT. Due to the fact that in perturbation theory the dominant term is the free one, positivity is ensured in large N limit such that is arbitrary small. If the bound happens to be violated, it has to be interpreted as a failure of perturbation theory to that given order.
B. c-function at two loops
Adapting the two loop results given in [28, 29] to the generic theories envisioned here one Like the a quantity, also c is required to satisfy c > 0 at a fixed point. Within perturbation theory however, the leading order is always positive definite so the violation of the bound is due to failure of the perturbative approach.
C. a/c and collider bounds
Having at our disposal both a and c one can discuss the quantity a c . It has been shown in [30] [31] [32] [33] that the ratio of the central charges a and c in d = 4 satisfies the following inequality 1 3
which is known as collider bound. Due to the fact that a (1) ∼ 2 the next-to-leading order of a/c takes contribution from c (1) . To calculate the next correction we would need to know the O(g 4 ) terms in c. Notice that because of this order mismatch the ratio a c might become interesting also in perturbation theory for theories living at the edges of the collider bounds (13) . For example free scalar field theories have a c = 1 3 , this implies that for such theories the order coefficient has to satisfy
D. Scaling Exponents
Is it always possible to linearize the RG flow in the proximity of a non-trivial fixed point and thus exaclty solve the flow equation
where µ is the RG scale, c k a is a coefficient depending on the initial conditions of the couplings, It is worth notice that in the Veneziano limit, M g g ∼ 2 , M I g ∼ O( 3 ), meaning that the mixing is not present at the lowest order and we will always have a critical exponent, say, θ 1 such that
IV. GLOBAL PROPERTIES OF RG FLOWS BETWEEN FIXED POINTS

A. weak a-theorem
The weak a-theorem states that, given a RG flow between a CFT IR and CFT UV , the quantity ∆a = a UV −a IR is always positive [34] . This turns out to be a relevant constraint even in perturbation theory, as the zeroth order leading part cancels out. For example, for an arbitrary semi-simple gauge theory featuring either complete asymptotic freedom or infrared freedom the ∆a variation
a , y * 6
The plus (minus) applies when the theory is asymptotically free (infrared free). The case of the infrared free requires the ultraviolet theory to be asymptotically safe.
More generally, for single gauge coupling in Veneziano limit |b 0 | 1 we can derive a constraint from the leading order expression
Since χ gg > 0, from the above inequality we derive the rather intuitive constraint that the gauge coupling has to increase (decrease) with the RG flow in asymptotically free(safe) theories.
A less intuitive constraint arises for theories featuring semi-simple gauge groups ⊗ i=1,N G i for which we find
where
. From the above we obtain
No other theorem is known to be valid for flows between two CFTs. For example it is known that ∆c, in general, can be either positive or negative [35] . Let us conclude this subsection with a comment on the variation of the a c quantity. If one considers theories living at the edge of the collider bound, then within perturbation theory
must be positive (negative) for the lower (upper) collider bound. This immediately translates in a bound for the ∆c sign. Of course, this is not expected to be valid beyond perturbation theory, while ∆a > 0 was proven to hold even nonperturbatively [34] .
B. Weakly relevant flows at strong coupling
It is useful to discuss ∆a in the context of "conformal perturbation theory", which allows one to extend the perturbative analysis to potentially strongly coupled theories. The basic idea behind conformal perturbation theory is utilizing small deformation of CFT to study how does the behaviour close to fixed point depend on the its conformal data. We will the assume existence of an interacting (not necessarily weakly coupled) CFT in the UV and induce an RG flow by adding a slightly relevant coupling deformation. Utilizing this language we will derive the relation between ∆a of weakly relevant flows and critical exponents.
To set up the nomenclature we will consider a flow close to an arbitrary UV fixed point (denoted by CFT UV ) described by a set of N couplings g i UV .
We will deform the CFT UV slightly by ∆g i with |∆g| ≡ (∆g i ) 2 1 and assume, that within this regime there exists another fixed point g i IR corresponding to CFT IR . More concretely we will assume the existence of (diagonalized) beta functions in the vicinity of the fixed point (c.f. (B3))
where θ (i) correspond to critical exponents in the diagonalized basis of coupling space and c i jk are related to the OPE coefficients of associated nearly-marginal operators. In the following we will assume the existence of a nearby IR fixed point with ∆g * such that β i (∆g is small (like it is the case in weakly coupled gauge theories), we need to expand β i to higher orders in orders to find a zero.
Expanding theã-function close to g UV we get
Next we will use the relation (see (A4))
where the metric χ i j is positive close to fixed point [22] , [36] and we have assumed the one-form w i is exact close to a fixed point 2 . The equation (22) also explains why we need to expand a up to (∆g) 3 . This is because the beta functions (20) are O( 2 ), so we expect their contribution toã to be
Using (22) and the fact that beta functions have to vanish at the UV fixed point it is clear that the leading correction term (O(∆g) in (21)) vanishes and the we are left with
Note that the term proportional to ∂χ is O( 4 ), hence by using (20) we get
Now applying the fixed point condition β i (∆g * ) = 0 we get
where we see that the OPE coefficients c l jk dropped out at this order, so that the final result (25) only depends on the critical exponents.
Let us explore the RG flow close to UV fixed point (see Figure 1) . In between the nearby fixed points, the renormalized trajectory can be described by a line joining the fixed points. In known cases (E.g. [5] ), this line is parallel to the direction corresponding to relevant eigenvector as indicated in Figure 1 . If this is the case ∆g is an eigenvector of the UV stability matrix ∂ i β k | g UV and we clearly have
(∆g
where θ UV rel.
≡ θ (i) is the critical exponent corresponding to the respective relevant direction on Figure 1 . Therefore plugging this back into (25) we deducẽ
Since θ UV rel.
corresponds to a relevant direction it has to be negative so together with the positivity of χ i j it implies that to leading order the correction
consistently with the a−theorem.
). The thick black line represents the renormalized trajectory between two fixed points, which is parallel to the relevant direction (red arrow). Irrelevant directions correspond to blue arrows.
The above result can be straight-forwardly extended to the case with multiple relevant couplings since we don't expect irrelevant directions to contribute to (25) .
We are now ready to provide the conformal data associated to distinct classes of asymptotically free or safe quantum field theories.
V. THE SINGLE YUKAWA THEORY
We start with analysing the general model template featuring a simple gauge group and one Yukawa coupling. In the perturbation theory one can draw general conclusions on the phase diagram structure. At the 2-1-0 loop level two kinds of fixed points can arise: one in which both gauge and Yukawa couplings are non-zero (denoted as GY fixed point in the following) and a Banks-Zaks fixed point, where the gauge coupling is turned on while the Yukawa is zero (denoted as BZ fixed point). The control parameter in the Veneziano limit 3 is identified such that b 0 ∼ N c , with N c the number of colours. These theories have the following general system of β-functions
for which the following fixed points are present
The above -expansion of the fixed point couplings is reliable only up to O( 2 ), where these higher orders are modified by higher loop corrections. These fixed points can be physical or not depending on the signs of the various beta function parameters.
We will now calculate the conformal data for this general template to the leading 2-1-0 order . This corresponds to truncating every quantity to the first non trivial order in the expansion.
scaling exponents
The scaling exponents at each fixed point are determined by diagonalising the rescaled flow matrix
. These read
• BZ fixed point
The corresponding eigendirections are
And are thus parallel to the gauge-Yukawa coupling axis. Notice how the gauge coupling runs slower with respect to the Yukawa one, which therefore reaches asymptotic freedom much faster.
• GY fixed point: In general c 1 > 0 and c 2 < 0 [40]
While the eigendirections are
Notice that as → 0 the flow between the GY fixed point and the Gaussian one becomes a straight line on the v 1 direction, forming an angle α with the g axis such that tan(α)
The eigencoupling along the direction of each eigenvector enjoys a power scaling close to the fixed point as in (14) , and the associated operator deformations then become either relevant or irrelevant depending on the sign of scaling exponents at the fixed point.
Determining a, c and the collider bound
For the single gauge-Yukawa system (29) we can use the expressions (9), (12) to determine the a,c functions at fixed point. Notice that the A coefficient has the expected N c dependence A ∼ N c .
However, since the fixed point is known only to O( ) at two loop level, the A term can be neglected since it only contributes to O( 3 ). We have
• BZ point
It is seen that for both of the above fixed points the two-loop contribution to the a− function is proportional to the scaling exponent with the highest power in
The critical exponent in the above equation corresponds to the eigendirection pointing towards the Gaussian fixed point, which is coherent with our discussion in Section IV B for strongly coupled fixed points. This implies that for RG flows where one of the fixed points is Gaussian, we find again that ∆a is proportional to a scaling exponent.
VI. RELATED FREE AND SAFE MODEL TEMPLATES
In the following we will calculate the local quantities for fixed point arising in different GaugeYukawa theories. We're interested in flows between an interacting fixed point and the Gaussian one. Depending on which point is the CFT UV these are either free or safe UV complete theories.
We will consider these cases separately and provide examples for each one of them.
A. Asymptotically Free Theories
Vector-like SU(N) gauge-fermion theory
Consider an SU(N) gauge theory with vector-like fermions and its N = 1 SYM extension, the field content is summarized in Table I . The supersymmetric extension of the model can be fitted into our gauge-Yukawa template introducing the following Yukawa interaction for each chiral These theories feature a Banks-Zaks fixed point arising at 2-loop level. The relevant beta function coefficients are known
Results are summarized in Table II. 4 Additionally we have the expressions for global quantities
The N = 0 agrees with the original result of [37] . We see at leading order the a−theorem doesn't provide any strong limits on so one might expect the higher orders will be more restrictive.
However the recent O( 4 ) evaluation of ∆a N=0 in [42] reveals that to this order all the subleading coefficients remain to be positive providing no further perturbative bounds on . 4 The SUSY results of Table II are readily confirmed by using the exact SUSY formulas [41] c = 1 32
with R = 2 3 − 9 being the perturbative R-charge of squark field at the fixed point.
Complete asymptotically free vector-like gauge theories with charged scalars
Consider the scalar-gauge theory analyzed in [43] with matter content presented in Table III .
Such model can be seen as the extension of the vector-like SU(N) gauge theory as well as the result of SUSY breaking of the N = 1 version with a scalar remnant. This model has no Yukawa couplings as they are forbidden by gauge invariance. The scalar field features a self-interaction in the form of the usual single and double trace potentials
It has been shown that this model features complete asymptotic freedom when an infrared fixed point is present. We analyze the flow between such point, when it exists, and the free UV one.
At 2-1-1 loop level the fixed point splits into two denoted as FP1, FP2 due to the presence of the scalar self-couplings and both of these are featuring a flow to the Gaussian fixed point. In Figure 2 we plot the perturbative central charges of these fixed points for different vector-like flavours and colours. We focus on the minimal case realizing such fixed point, with number of complex scalars N s = 2. Notice that the central charges are evaluated at the two-loop level, so no distinction is present between FP1 and FP2 [20] . We observe that the most sensitive quantity, as function of the number of flavours, is a/c, which fails to satisfy the lower bound a/c > 1/3 for sufficiently low number of flavours. ∆a is, however, always small and positive and spans several order of magnitude.
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Complete asymptotically free chiral gauge-Yukawa theories
A further generalization of the previous models is obtained by adding chiral and vector-like fermions in higher dimensional representation of the gauge group. In particular we consider the models in [44, 45] , namely the generalized Georgi-Glashow [46] and Bars-Yankielowicz models [47] with the content of Table V , which are by construction gauge anomaly free. We will work in the large N c limit tuning the constant x = p/N c , so that these two theories are described by the same set of β-functions. At two-loop level this theory resembles the template discussed in Section V where both BZ and GY fixed points are present. • BZ fixed point.
This type of fixed point arises for 3 2 < x < 9 2 where at the lower limit it becomes nonperturbative and at the upper one it merges with the Gaussian fixed point. We will thus expand around the perturbative edge of the x-window (also known as conformal window in the literature), namely write x = 9 2 − and arrive at the following fixed point
At this fixed point we have the following set of eigendirection and critical exponents 
a/c = 578 819
• GY fixed point. This is present for 
at which we have the following set of eigendirection and critical exponents a/c = 579 819
One can notice that a flow between the two non trivial fixed points is present, in which the BZ fixed point can be viewed as the UV completion of the GY one. This is supported by the positivity of ∆a between these two points
B. Safe models
The discovery of asymptotic safety in four dimensions [5] has triggered much interest. It is therefore timely to investigate the associated conformal data.
SU(N) with N f fundamental flavours and (gauged) scalars
We start with the original theory that we will refer to, in the following, as LS theory [5] that features the following field content 
As before at 2-1-0 order we will only focus on Yukawa coupling, keeping N c , N f large. This time we will consider 0 < possesses an UV fixed point [5] . In the Veneziano limit the coefficients of (29) read
Therefore we have b 1e = 19 13 N 2 c , which leads to the following UV fixed point [5] 
The critical exponents yield
corresponding to the eigendirections
The a function at this fixed point is given by
Next we will proceed to calculate c LS
Note we would need to know the O(g 4 , y 4 ) contribution to c, in order to determine the O ( 2 ) correction of the a/c quantity that to order reads:
Notice that the collider bound is well satisfied as long as 1. Using the general result obtained in Section A 1 it is possible to obtain the 3-loop expression for ∆a between the UV safe fixed point and the Gaussian one in the IR: 
Even at finite N c and N f asymptotic safety abides the local and global constraints as long as the parameter is controllably small. Recently, this model has been extended [11] to accommodate a gauged Higgs-like scalar (in fundamental representation) and 2N f singlet fermions N i , N i as summarized in Table VII . This theory has some extra Yukawa and scalar couplings
Note that beta functions of these 3 new Yukawa couplings decouple in the Veneziano limit. The fixed point found in [11] appears at y * =ỹ * = 0 and
Since at the 2-1-0 level β g,y doesn't depend onỹ, the model enjoys the LS critical exponents (58) with the third one being
which corresponds to an extra irrelevant direction in the coupling space.
Clearly the a−function of this model is identical to the LS one since both models have the same b 0 (c.f. (11)). Similarly the c− function of this model is identical to the LS one. This is due to the fact that the extra contribution ofỹ in (12) is proportional to Tr(TỹT * ỹ ) ∝ N c N f which is suppressed in the Veneziano limit compared to the g, y contribution proportional to Tr(T y T * y ) ∝ N c N 2 f so we can neglect it.
Complete asymptotically safe chiral models
The UV dynamics of Georgi-Glashow (GG) models that include also singlet as well as charged scalar fields was investigated in [45] .
TABLE VIII. Field content of the Georgi-Glashow models extended with singlet and charged scalars.
The field content is summarized in Table VIII and the interactions between chiral fermions and scalars are described via the following Lagrangian terms
Where f a is a vector in flavour space. The Higgs-like scalar breaks the flavour symmetry with the Yukawa term y H . In the following we choose to have just one flavour interacting with the H field, so f a = δ a,1 . The distinction between y M , y 1 is convenient as loop corrections will differentiate between the flavour interacting with H with the others.
It is possible to show that the Bars-Yankielowicz (BY) 5 version of the theory cannot lead to complete asymptotic safety for any N c . Within the GG, the fully interacting FP of this theory at 2-1-0 loop level is fully IR attractive in the large N c limit. However there are some candidates of finite N c theories for which complete asymptotic safety can potentially emerge. We now determine the conformal data for the three candidate fixed points found in the original work, these are shown in Table IX .
We find that all these UV fixed points, at least in some of the couplings, are clearly outside the perturbative regime given that a/c and ∆a constraints are not respected. 
C. Flows between interacting fixed points
Here we would like to consider models possessing interacting fixed points in both IR and UV.
In the following we will investigate the a−theorem constraints to further characterise such flows.
BZ-GY flow in the completely asymptotically free regime
Let us now turn to a class of theories with
The main features of these models were discussed in Section V. We also refer the reader to [40] for a more detailed discussion. A concrete example can be realized by coupling the LS model (c.f.
Section VI B 1) to some additional fermions in the adjoint representation. Clearly, if the conditions (67) are satisfied, both GY and BZ fixed points (c.f. (30)) can coexist. Furthermore if c 2 < 0, the BZ fixed point acquires a relevant direction corresponding to the Yukawa coupling (see (31) ). It is therefore reasonable to expect, that there's an RG flow between BZ and GY points. Indeed, using (16) we find that for a generic gauge theory with group G (recall that
which is positive since b 1e < 0 implies
More concretely we can take an extension of the model described in Section VI B 1 with an extra gluino-like adjoint fermion (see Table X ). The relevant beta function coefficients in the Veneziano limit read
For this model b 1e = − 27 11 N 2 c and hence it satisfies the complete asymptotic safety criterion with two fixed points
The flow between these two fixed point (where BZ plays the role of UV fixed point) satisfies the a−theorem (68)
which is positive as expected from the above discussion. Recently an interesting class of large N f models with strongly-coupled UV fixed point has been discussed in the literature [10, 12, 13] . These models extend previous work [16, 48] by including the Higgs and therefore provide a realistic framework for asymptotically safe extensions of the standard model. Further insights on the nature and consistence of these fixed points were investigated in [15] .
Here we consider a model with large N f vector-like fermions and a Higgs-like scalar transforming according to the fundamental representation of SU(N c ). The field content of this theory is summarized in the following table. , the gauge beta function of this theory has a zero at
Nc .
The presence of the Higgs self-coupling λ H does not disturb this fixed point at this order in 1 N f [10] (up to exponentially suppressed contributions). At one loop the gauge coupling appears without powers of N f in the quartic beta function, which is therefore under perturbative control. To make the calculation more manageable we can also take the intermediate large N c limit provided [15] 1 10
Thus given we keep 
Thus we see that this beta function remains small if we keep N f large enough. Neglecting the subleading contributions we have
UV-attractive since the corresponding critical exponent satisfies 6
By deforming the scalar coupling away from the fixed point δu H = (u H − u − ) > 0 and keeping the gauge coupling fixed, we expect the theory to flow to a new (also strongly coupled) IR fixed point at u H = u + . We are now ready to compute ∆a for this flow using (28) and the leading large N f behaviour of the metric χ χ u H u H = 1 24
Plugging the quantities (77), (78), (79) directly into (28) we obtain the final result
Note that the smallness of ∆a is controlled by
, which is kept small.
VII. CONCLUSIONS
We provided explicit expressions for the central charges and critical exponents in perturbation theory for a generic weakly coupled gauge-Yukawa theory. The conformal data are naturally divided into local quantities characterising a specific CFT and global data which are defined over the entire RG flow in between two CFTs belonging to the same underlying QFT. The local quantities are critical exponents, central charges and the ratio a/c of two central charges. The variation of the central a-charge over the RG group defines the globally defined quantity. We characterised via their conformal data a wide class of fundamental (i.e. either free or safe) nonsupersymmetric quantum field theories dynamically developing CFTs at the end points of their perturbative RG flows.
These theories are both vector and chiral like and constitute the backbone of phenomenologically interesting fundamental extensions of the Standard Model. Additionally our results can also be used as independent tests of the perturbative control over the possible existence of CFTs. We noted that the positivity of a and the conformal collider bound (13) are the most sensitive criteria.
In contrast the positivity of the c charge doesn't provide strong constraints (similar observation was made in the supersymmetric case in [49] ). Interestingly we show that at leading orders in perturbation theory the global variation of the a charge is proportional to the critical exponent related to the relevant direction. This means that to this order one has one less independent conformal data. Moreover, we extended this result beyond the cases in which the specific CFTs are achieved perturbatively by making use of conformal perturbation theory provided the two CFTs are nearby in coupling space. Using 1/N f resummation techniques we also constructed an explicit example in which a strongly coupled safe CFT emerges that can be investigated using conformal pertrubation theory for which we can determine ∆a. Interestingly this theory features an Higgs-like state and constitutes the template on which novel asymptotically safe Standard Models extensions have been constructed [10, 12, 13, 15] .
Wess-Zumino consistency conditions [51] . Following the work of Jack and Osborn [22, 37] , rather than using a one uses the functionã related to it bỹ
where w i is a one-form which depends on the couplings of the theory. The Weyl consistency conditions imply forã
where χ i j can be viewed as a metric in the space of couplings g i . The positivity of the metric χ is established in perturbation theory, and therefore in this regime the functionã is monotonic along the RG flow
The irreversibility of the RG flow has been conjectured to be valid beyond perturbation theory at
For a generic gauge-Yukawa theory, the function w i turns out to be an exact one-form at the lowest orders in perturbation theory [37] , so that the terms involving derivatives of w i cancel out, and we will use in the following the simplified consistency condition
χ i j can be seen as a metric in the space of couplings, used in this case to raise and lower latin-indices.
The fact that all β functions can be derived from the same quantityã has profound implications.
The flow generated by the modified β functions β i is a gradient flow, implying in particular
which gives relations between the β functions of different couplings. In the case of couplingindependent and diagonal metric, this relation reduces to
where no summation on i, j is present.
These consistency conditions, known as Weyl consistency conditions can be used as a check of a known computation. In principle they can also be used to determine some unknown coefficients at a higher loop order in perturbation theory.
Is it possible to go beyond the two-loop calculation for the a function previously introduced.
For simplicity we consider a theory with one gauge group, one Yukawa interaction and two couplings in the scalar potential. In this case we can express our result in terms of α i = g 2 i /(4π) 2 to get a more compact notation. We will consider the scalar to be charged under the gauge group, generalizing the result in [20] .
The theory is described by the general β-function system β α g /(−2α 
The coefficient χ gg enters at the one-loop order, A and χ yy at two loops, while χ λλ and the B i 's appear only at three loops. New non zero mixing terms are introduced in accordance with the definition of χ as a function of the 2-point function of stress-energy tensor. Similarly, the one-form W reads
W λ 2 = E 3 α λ 2 + E 4 α g + E 5 α λ 1 .
This reasoning can be reversed to obtain the conformal data from the knowledge of beta functions close to a fixed point as was done for example in [52, 53] 
It should be noted that the above relation to compute OPE coefficients is strictly speaking only valid in the diagonal basis (for a more detailed discussion of this issue see section 2.3 in [52] ). For nearly marginal flows with small θ (i) , there is a possibility of Wilson-Fisher-like IR fixed point with small λ i * .
